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Abstract— This article presents an inverting Nx multilevel 
boost converter (Inverting Nx MBC) with continuous input 
current for DC link applications where several negative 
voltage levels are required with self-balancing such as 
photovoltaic (PV) multilevel inverter systems. The voltage 
obtains from the photovoltaic array need to boost before a feed 
to inverter for practical utilization or grid connect. In this 
paper new inverting Nx multilevel Boost converter (Inverting 
Nx MBC) with mode of operation and conversion ratio is 
discussed in detail. The proposed converter provides negative 
N time output voltage of the traditional boost converter. The 
main feature of this topology provides negative high-
conversion ratio without using a transformer, continuous input 
current, moderate duty cycle operation and modularity. The 
proposed converter topologies are a combination of traditional 
boost converters and Cockcroft Walton (CW) multiplier. In 
this topology, each device block only one voltage level. Hence, 
low voltage devices may be used. The simulation results are 
provided which validates the functionality of proposed 
converter topology. 
Index Terms— Non Isolated; Inverting; Multilevel Boost 
Converter; DC- Link; Photovoltaic. 
I.  INTRODUCTION 
OW A DAY, the need for renewable energy sources is 
increasing, due to increasing energy demand. This 
incrementing demand may cause the deficiency of the 
energy in the future as the most of energy sources used for 
massive generation are exhaustible. That is why generation 
through renewable sources plays very important role in 
energy management [1]-[4]. A recent trend in this type of 
energy generation is to produce power through small 
connected in a series parallel network for massive 
production. A high conversion ratio converter is required to 
link voltage generated from the photovoltaic system to an 
inverter as shown in Fig.1 [3]-[5]. Generally for this purpose 
DC-DC converters are employed in the solar systems. Series 
connection of solar arrays and traditional DC-DC converter 
is not a feasible solution to achieve high voltage because the 
performance of a boost converter deteriorates with the 
increase in the duty cycle of the power switch and due to the 
leakage resistance in the inductor [6]-[7]. Another problem 
with the buck-boost converter is a discontinuous input 
current which shows the minimum utilization of input 
source. Thus Traditional converters are not used when the 
required conversion ratio is larger than four [1]-[29]. To 
overcome the issue of leakage resistance, a classical 
approach is increasing the converter’s switching frequency 
for a certain amount of acceptable ripple. When the duty 
ratio is too small or too high, the finite switching time in 
actual power devices limits the switching frequency. 
Isolated converters can be employed to overcome the above 
drawback and increase the voltage without using extreme 
values of duty cycles. Several isolated converter topologies 
using a transformer, coupled inductor have been proposed in 
the literature [8]–[12]. In [13]-[29], switched capacitor (SC) 
and Switched Inductor (SI) principle is used with a 
combination of coupled inductors, voltage multipliers or SC 
multipliers. In [16]-[17], Cascaded is proposed which to 
attain a higher boost ratio. Several inductors are needed to 
design Cascaded Boost Converter (CBC) which is the 
bulkiest part and it is hard to encapsulate. Also high ripple 
current and losses prove to be an obstacle to obtaining a 
high conversion ratio and efficiency. Quadratic Boost 
converter (QBC) is proposed to attain high voltage gain 
using a single switch. However, in QBC the voltage rating 
of the switch is equal to a total output voltage which avoids 
the use of high voltage. 
Recently, several DC-DC multilevel topologies have 
been proposed to overcome the drawbacks of (i) transformer 
which limit the switching frequency (ii) cascaded converter 
topology which increase the complexity in design and 
control. Nx Multilevel Boost Converter (Nx MBC) and Nx 
Multilevel Buck-Boost Converter (Nx MBBC) is shown in 
Fig. 2(a) and Fig. 2(b) respectively, where N is Number of 
output level/stages. The concept of DC-DC multilevel 
converter provides a practical, non-isolated alternative 
solution to achieve high voltage gain and high power level 
[23]-[27]. 
This paper presents inverting DC-DC boost converter 
which is derived from the traditional boost converter and 
inverted Cockcroft Walton voltage multiplier. The main 
advantage of this proposed topology is it does not increase 
the number of control switches and voltage stress on switch 
even with the increase in the levels of output. For increasing 
the levels according to essential gain, number of diodes and 
capacitor circuitry need to add without disturbing the main 
circuit. Some of the main features of the proposed circuit are 
(i) High inverting gain without transformer; (ii) Single 
 
Fig. 1(a). Photovoltaic DC Link Inverter system. 
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switch-single inductor based topology; (iii) continuous 
current supply at input (iv) Several self balanced voltage 
levels. The operating principle and analysis of the circuit is 
explained briefly in the further part. The functionality of 
proposed converter topology is proven by simulation results.  
II. INVERTING NX MULTILEVEL BOOST CONVERTER  
A. Power Circuit 
Fig. 2(c) shows the inverting Nx multilevel boost 
converter). To design inverting Nx MBC single inductor and 
single switch along with 2N number of capacitor and 2N 
number of diodes. Thus, the number of levels at the output 
side can be increased by adding only adding capacitor and 
diode circuitry without disturbing the main circuit at the 
input side. The lower side of the proposed converter part is 
traditional boost converter. The number of component 
respect to the number of levels is given in Table I. 
B. Modes of Operations 
To explain the mode of operation inverting 5x multilevel 
boost converter is considered. Fig. 1(d) depicts inverting 5x 
Inverting 5x MBC which consist single inductor and single 
switch along with 10 capacitors and 10 diodes. The 
operation of the 5x MBC can be divided into two modes, 
one when switch S is turned ON and another when switch S 
is turned OFF.  
When switch S is turned ON, inductor is connected to 
input voltage Vin. (VC2 < VC1), When C2 voltage is smaller 
than C1 voltage then C1 clamps C2 voltage through diode D2 
and switch S as shown in Fig. 3(a). When voltage across 
C2+C4 is smaller than voltage across C1+C3, i.e (VC2+ VC4 < 
VC1+VC3), then C1 and C3 clamp the voltage across C2 and 
C4 through D4 and switch S as shown in Fig. 3(b). When 
voltage across C2+C4+C6 is smaller than voltage across 
C1+C3+C5, i.e (VC2+VC4+VC6 < VC1+VC3+VC5), then C1, C3 
and C5 clamps the voltage across C2, C4 and C6 through D6 
and switch S as shown in Fig. 3(c). When voltage across 
C2+C4+C6+C8 is smaller than voltage across C1+C3+C5+C7, 
i.e (VC2+VC4+VC6+VC8 <VC1+VC3+VC5+C7) then C1, C3, C5 
and C7 clamps the voltage across C2, C4, C6 and C8 through 
D8 and switch S as shown in Fig. 3(d). In similar way C1, 
C3, C5, C7 and C9 clamps the voltage across C2, C4, C6, C8 
and C10 through D10 and switch S as shown in Fig. 3(e). 
Thus diodes D2, D4, D6, D8 and D10 are conducted when 
switch S is turned ON. 
When Switch S is turned OFF, inductor and input 
voltage charges capacitor C1 through D1 as shown in Fig. 
4(a). When voltage across inductor plus Vin and C2 is 
greater than the voltage across C1+C3, i.e (VL+Vin+ 
VC2>VC1+VC3) then the voltage across inductor plus Vin, C2 
clamps the voltage across C1 and C3 through diode D3 is 
shown in Fig. 4(b). When voltage across inductor plus Vin, 
C2 and C4 is greater than voltage across C1+C3+C5, i.e 
(VL+Vin+VC2+VC4>VC1+VC3+VC5) then the voltage across 
inductor plus Vin, C2 and C4 clamps the voltage across C1, 
C3 and C5 through a diode D5 as shown in Fig. 4(c). When 
voltage across inductor plus Vin, C2, C4 and C6 is greater 
than voltage across C1+C3+C5+C7, i.e (VL+Vin+ 
VC2+VC4+VC6>VC1+VC3+VC5+VC7) then the voltage across 
inductor plus Vin, C2, C4 and C6 clamps the voltage across 
C1, C3, C5 and C7 through diode D7 as shown in Fig. 4(d). 
Similarly, the voltage across inductor plus Vin, C2, C4, C6 
and C8 clamps the voltage across C1, C3, C5, C7 and C9 
through the diode D9 as shown in Fig. 4(e). Thus Diodes D1, 
D3, D5, D7 and D9 are conducted when switch S is turned 
OFF. As seen from the above operating modes diodes D1, 
           
  
                            (a)                                             (b)                                                  (c)                                                              (d) 
Fig. 2. (a) Nx Multilevel Boost Converter (Nx MBC) (b) Nx Multilevel Buck-Boost Converter (Nx MBBC) (c) Inverting Nx Multilevel Boost Converter 
(Inverting Nx MBC) (d) Inverting 5x Multilevel Boost Converter (Inverting 5x MBC). 
TABLE: I NUMBER OF COMPONENT RESPECT TO NUMBER OF LEVELS 
No. of 
Level 
No. of 
Inductor 
No. of  
Control Switch 
No. of 
Diodes  
No. of 
capacitor 
1 1 1 2 2 
2 1 1 4 4 
3 1 1 6 6 
4 1 1 8 8 
5 1 1 10 10 
N 1 1 2N 2N 
 
  
D3, D5, D7 and D9 are operated complementary to diodes D2, 
D4, D6, D8 and D10. 
C. Effect of Inductor Equivalent Series resistance (ESR) on 
Voltage Gain 
In real time applications, the voltage gain of any 
converter is limited by the parasitic resistance of passive 
components specially inductor. ResrL is Equivalent Series 
resistance (ESR) is parasitic resistance consider a series with 
the inductor. Consider R is load connected to the converter 
and the voltage drop across the diode and the switch is zero. 
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Fig. 3(a)-(e) Inverting Nx Multilevel Boost Converter operation mode when Switch S is turn ON. 
 
 
 
    (a)                                          (b)                                          (c)                                        (d)                                       (e) 
 
Fig. 4(a)-(e) Inverting Nx Multilevel Boost Converter operation mode when Switch S is turn OFF. 
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At steady state condition the average voltage in the 
inductor is zero. According to inductor volt-second balance 
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Fig. 4 Conversion ratio is plotted against the duty cycle (a) N=1, (b) N=2, (c) N=3, (d) N=4, (e) N=5. 
Fig. 4(f) Conversion ratio plotted against duty cycle for N=1 to 5 when ResrL=0. 
Fig. 4(g) voltage across capacitors and output voltage (when diode and switch drop is equal to Vd). 
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Fig. 5(a) to Fig. 5(e) exhibits the case when N= 1 to 5 for 
different cases of ResrL/R. The conversion ratio is plotted 
against the duty cycle. It is observed that the conversion 
ratio is linear up to duty cycle 0.8 and the region is called a 
quasi linear region. 
D. Effect of voltage drop across diode and switch on output 
voltage 
In real time applications the voltage drop at switches’ 
and diodes’ must be taken into explanation since it avoids 
           
 
          (a)                                                                                                                          (b) 
 
                                                                    (c)                                                                                                                          (d) 
Fig. 5. Simulation Results (a) Output voltage, Load current and power, (b) Output voltage and input voltage (c) Voltage across each (C1 to C10) capacitor  
(d) Inductor current, voltage across switch (VDS) with Gate voltage (VGS). 
TABLE: II SIMULATION DESIGN PARAMETERS 
Input Voltage 12 V 
Output Voltage 240V 
Voltage Conversion Ratio 
20 (drop across Diode and 
Switch is 0) 
Power 200W 
Switching Frequency 50kHz 
Duty Cycle 0.75 
Inductor 0.7 mH 
Capacitors 100 uF 
 
  
capacitors to be charged to VC. In medium and high voltage 
application, the voltage drop at switches’ and diodes’ can be 
ignored but must be considered in low voltage applications. 
For simplicity Vd is voltage drop at the switch and diode. 
The voltage across capacitor and output voltage is shown in 
Fig. 4(g). 
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Thus the general equation of the output voltage for 
inverting Nx MBC is, where Vc is the voltage across 
capacitor C1. 
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The efficiency of proposed converter is  
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III. SIMULATION RESULTS AND DISCUSSION 
Proposed inverting multilevel boost converter simulated 
in MATLAB for 5-levels (Inverting 5x MBC) Boost 
Converter) with designing parameter given in the Table II. 
 Output voltage, load current and power are shown in 
Fig. 5(a). It is observed that the required 240V, output 
voltage is obtained at the required output power 200W for a 
duty cycle of 0.75. Fig. 5(b) shows the graph of output 
voltage and input voltage and it is observed that settling 
time for output voltage 0.1 second. The voltage across the 
capacitors is shown in Fig. 5(c). It is observed that the 
voltage across each capacitor is equal to 48V. In general 
voltage across each capacitor is Vo/N.  Fig. 5(d) shows the 
graph of inductor current, the voltage across the switch (VDS) 
with Gate voltage (VGS). It is observed that the inductor 
current waveform has positive slope when switch S is turned 
ON and negative slope when the switch is S turn OFF. It is 
also observed that the voltage across switch S (VDS) is equal 
to 48V, in general it is equal to Vo/N. Fig. 6(a) shows the 
 
             (a) 
 
         (b)                                                                                                                  (c) 
Fig. 6. Simulation Results (a) Voltage at each output level with respect to ground (b) Voltage across diode D2, D4, D6, D8 and D10 
 (c) Voltage across diode D1, D3, D5, D7 and D9. 
 
  
voltage at each output level with respect to ground. It is 
observed that each output level contribute equal voltage 
which is equal to -48V. Thus, in general, each output level 
contributes -Vo/N.  The voltage waveform across the diode 
is shown in Fig. 6(b) to Fig. 6(c). The (Peak Inverse 
Voltage) PIV of the diode is -48V. In general, PIV is Vo/N. 
IV. CONCLUSION 
Non isolated and inverting Nx Multilevel Boost 
Converter (Nx MBC) is presented for DC link photovoltaic 
applications where several negative voltage levels are 
required with self-balancing such as multilevel inverter 
systems. Presented Nx MBC circuit is a combination of 
traditional boost converters and Cockcroft Walton 
multiplier. The mode of operation, effect of ESR of the 
inductor and the effect of voltage drop across diode and 
switches is also discussed in detail. The presented converter 
has negative high-conversion ratio without using a 
transformer, continuous input current, low voltage stress, 
high reliability compared to existing recent converter. It is 
possible to increase conversion ratios by adding capacitor 
and diode circuitry without disturbing the main circuit. 
Based on simulation results it is possible to conclude that it 
is a promising topology for DC Link photovoltaic 
applications. 
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